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SYNTHESIS  OF  ENERGETIC  SINGLE  PHASE  AND  MULTI -PHASE  POLYMERS 


INTRODUCTION 


The  work  described  in  this  report  has  several  objectives.  One  is  to 
synthesize  and  characterize  energetic  single  phase  polymers  (homo-  and 
copolymers),  primarily  hydroxy- terminated  fluoro-  and  nitro-substituted 
polyformals  and  polyesters,  which  may  be  useful  as  binders  for  cast-curable 
energetic  compositions,  and  as  components  for  multi -phase  segmented  (block) 
copolymers.  A  second  set  of  objectives  is  to  establish  the  chemistry  for  the 
synthesis  of  block  copolymers  from  such  polydiols  and  other  difunctional 
polymers,  and  to  provide  methods  for  characterization  of  the  block  copolymers 
produced.  The  block  copolymers  to  be  synthesized  are  desired  to  be  elastomers 
in  the  temperature  range  of  about  -10°  to  +70 °C  and  liquids  at  temperatures 
above  about  70-90°C.  Low  melt-viscosities  are  desired  as  well.  It  is 
believed  that  these  properties  will  permit  and  facilitate  continuous  extrusion 
processing  of  propellants  which  use  such  polymers  as  binders.  The  first 
objective  is  supported  primarily  by  the  Office  of  the  Chief  of  Naval 
Resesarch,  while  research  toward  the  second  objective  is  supported  primarily 
by  the  SDI ,  Office  of  Innovative  Science  and  Technology.  The  two  efforts  are 
closely  related,  and  funding  support  overlaps  in  the  area  of  copolymer 
synthesis.  The  results  of  both  programs  are  therefore  presented  together. 


RESULTS  AND  DISCUSSION 


Homopolyformals , -  Additional  isolated  efforts  were  conducted  in  this 
area  to  prepare  new  polyformals  of  potential  interest  as  soft  or  hard  blocks 
for  block  copolymers,  or  to  improve/scale  up  the  preparation  of  polymers  of 
demonstrated  interest  for  this  use. 


New  f luoropolyformals  were  prepared  from  octaf luorotriethylene  glycol  (_1 ) 
and  hexadecaf luorodecanediol  (2) .  The  polyformals  obtained  from  1^  with 
CH20/H2SO^  are  low  viscosity  liquids.  Molecular  weights  determined  by  GPC  are 
in  the  range  of  3000-6000.  Fig.  1  shows  a  typical  GP  chromatogram.  The 


HOCH2CF2OCF2CF2OCF2OH  hoch2(cf2)8ch2oh 

1  1 

polyformals  of  2_,  obtained  similarly  with  sulfolane  as  cosolvent,  are  solids 
melting  near  100°C,  potentially  useful  as  hard  blocks  in  block  copolymers. 
The  GP  chromatograms  (Fig.  2)  show  some  irregularities  resulting  from  poor 
solubility  of  the  monomer  and  the  product  in  the  reaction  mixture. 


The 

#L-9939)2 


synthesis  of  the  previously  prepared  polyformal  of  diol  _3  (3M  product 
was  scaled  up  to  the  50g  level.  This  liquid  polyformal  was  expected 


1 


5  I  su 


CF-,  CF, 

I  3  I  3 

HOCH2CFOCF2CFOCF2CF2 

3 


2 


to  be  useful  as  a  soft  block;  however,  the  results  of  GPC  and  OH  analysis 
indicate  that  it  may  not  be  di funct ional :  a  50g  sample  had  -  2100  by  GPC, 
but  OH  equivalent  weights  of  1540  (NMR)  and  1350  ( isocyanate1  method) ;  a 
second,  40g  sample  had  -  2570  but  an  OH  equiv.  wt.  of  3020.  This  can  be 
explained  by  the  presence  of  monoalcohols  in  3_.  This  would  preclude  the  use 
of  the  polyformal  of  3^  for  block  copolymer  synthesis. 

2 

The  synthesis  of  the  previously  prepared  polyformal  of  diol  4  was  also 
scaled  up.  It  was  found  (see  below)  that  the  4:1  copolymer  of  diol  4  with 


H0CH2CH2CH2C(K02)2CH20CH20CH2C(N02)2CH2CH2CH20H 

4 


octaf luorohexanediol  had  a  of  -13°C.  Since  this  was  onlv  slightly  lower 
than  the  T^  of  the  polyformal  of  4  itself  (-11°C),  it  was  decided  to  use  the 
latter  directly  as  a  soft  block  for  block  copolymers.  Procedures  were  found 
to  obtain  the  polyformal  of  4  with  several  different  molecular  weight  ranges, 
nd  the  following  polymer  batches  were  prepared  in  yields  of  about  80%: 

=  3000,  lOg:  Kk.  =  4000,  56g:  M,.  =  7500,  42g;  *  9000,  lOg.  GP 

chromatograms  are*  shown  in  Figs.  3-6.  Table  1  illustrates  conditions  and 
results  of  several  scale-up  runs. 


Table  1.  Scale-up  runs  of  Polvform.als  from,  Diol  4 
Monomer  (g)  Conditions*  Yield  (GPC)  OH  Equiv.  Wt. 


(%) 

(NMR) 

6 

sulfolane/ 

dichloromethane  (1ml)/ 
SnCl^  (0.25ml);  104% 
tr ioxane 

89 

3479; 

5048 

(exc 1 .  eye  lie 
formals) 

3128 

6 

same  but  90% 
trioxane  only 

89 

2517  ; 

3375 

(excl .  cyclic 
formals ) 

1750 

14  .  u 

same  but  96%  trioxane; 

20°C 

90 

3350 

(excl.  cyclic 
formals ) 

2230 

14.4 

sulfolane/di chi orome  thane 
(0. 75ml)/SnCl4  (0.265ml); 
104%  trioxane;  20°C 

90 

5440 

(excl .  cyclic 
formals ) 

3800 

5.4 

sulfolane/dichlorome thane 
(0. 25ml)/SnCl4  (0.265ml), 
104%  trioxane;  20°C 

90 

6250 

(excl.  cyclic 
formals ) 

- 

amounts  are  for  1.8g  monomer  4 


3 

Copolvfortr.al s  .  -  It  was  shown  in  earlier  work  that  copolyformals  could  be 
formed  from  various  combinations  of  fluorodiols  and  nitrodiols.  ^H-NMR 
analysis  indicated  that  the  copolymers  obtained  were  somewhat  segmented:  the 
less  acidi  diol  predominated  in  the  center  of  the  polymer  chains,  the  more 
acidic  ^ess  reactive''  diol  was  concentrated  at  the  ends.  This  ratio  could  be 
charged  towards  more  complete  randomization  by  gradual  addition  of  the  more 
reactive  monomer  to  the  mixture  of  formaldehyde/acid/less  reactive  monomer. 
This  year's  effort  was  directed  mostly  toward  the  synthesis  of  copolymers 
useful  as  energetic  soft  blocks.  It  was  expected  that  the  combination  of  a 
nitrodiol  with  a  fluorodiol  would  best  meet  this  objective.  The  formation  of 
copolyformals  from  the  fluorodiols  5^  and  6  and  the  nitrodiols  ]_  -  10  was 
therefore  pursued  further.  Copolymers  of  5^  and  8^,  and  6_  and  8^,  prepared 
earlier  in  ratios  from  10/90  to  90/10,  were  charac terized  more  fully.  Data 


hoch2(cf2)^ch2oh 


f3 

HOCH2(CF2)3OCFCH2OH 
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KOCH  -  CH 2  N  ( N  '  C H  -.CH, N  ( NO  , ) CH , CH , OH  7 

h: :--;:N  n  .  . ch-c  no, i2ck2nvno2)ck2ch2ok  s 
ho  'CH,  >3c. ,ch,och,och,c(no2)2  (ch:2^3oh  9 

HOCK2CK2N-.NC  )CH2C<  no,'  2CHo0CH20CH2C(NG2)2CH2N(N02)CH2CH20H  10 
obtained  are  listed  ir.  Table  2.  Due  to  signal  overlap,  it  was  not  possible  to 


Table  2.  Properties  of  Copolyformals  of  5  and  8,  and  6  and 


teec  Ratio 


i 


5/8 


10/90 

20/80 

50/50 

80/20 

90/10 

6/8 


>70 

>70 

85-90 

85-90 

85-90 


CH  equ. 


CPC 

e  s  t  i  m  a  t  e 


1066 

1302 

1206 

1193 

1187 


wt  . 


Overall 

Monomer 


Tr  (DSC) 

;°c; 


TsNCO 

method 


Ratio 

(1H-NMR.'> 


1258 

1160 


9 . 7/9U  .  3 

18.2/82.3  19 

52.2/97.9 

79.7/20.3  -22 


10/90 

50/50 

80/20 

90/10 


>70 

85-90 

75-80 

80-85 


1179 

1237 

1169 

in 


1335 


8 . 6/91 . 5 
99 . 3/55/8 
72 . 3/27/7 
85.9/19.2 


2 


J 


-30 
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determine  the  endgroups  by  the  usual  H-  or  F-NMR  methods.  Selected  OH 
equivalent  weig'  _s  were  therefore  determined  by  the  toluenesul f onvl  isocyanate 
method.  Selected  GP  chromatograms  and  iH-NMR  spectra  of  these  copolymers  are 
shown  in  Figures  7-10. 

80/20  Copolyformals  with  M^,  =  2500  and  2350,  respectively,  were  prepared 
from  diol  9_  and  the  two  fluorodiols  5^  and  6_.  The  glass  transition 
temperatures  of  these  copolymers  were  only  slightly  lower  (-13  for  9/b_ 
copolymer)  than  that  of  the  homopolyformal  of  9^  (-11°C).  Therefore,  these 
copolymers  are  of  little  interest  as  soft  blocks. 

The  copolymerization  of  diol  1_0  with  5^  and  6^  was  investigated 
extensively.  M^.s  of  2000  -  3000  were  achieved  by  reaction  with  trioxane  and 
BF^  etherate  in  sulfolane.  Results  of  this  work  are  summarized  in  Table  3. 

Table  3.  Copolyformals  of  hexanitropentadecanediol  _10  with 
fluorodiols  5  and  6 


Feed  Ratio 

Yield 

;  [%: 

(GPC) 

Tc  (DSC) 

1  *1*1 

Appearance 

10/5  : 

1 

! 

I 

! 

90/10 

1 

>85 

39^0 

: 

i 

glass 

80/20 

>85 

2900 

- 

glass 

70/30 

- 

2000;  3500 

- 

resin 

50/50 

89 

3000 

1 

resin 

10/i 

i 

80/20 

1 

>85 

3260 

. 

resin 

70/30 

>85 

2600-2700 

10 

i  resin 

50/50 

- 

2800 

0 

resin 

7:3  Copolymers  were  selected  as  potential  soft  blocks  in  a  compromise  between 
low  Tg  and  low  fluorine  content.  The  highest  MW  for  the  10/6  copolymer  (ratio 
7:3)  obtained  was  =  2600  -  2700.  The  preparation  of  this  polymer  was 
scaled  up  to  the  50g  level  and  a  total  of  60g  of  hL  -  2600  was  prepared.  Fig. 
11  shows  the  GP  chromatogram  and  Fig.  12  the  ^H-HMR  spectrum.  Figures  13  and 
14  show  the  same  data  for  the  70/30  copolymer  of  K)  and  _5 . 

Also  prepared  was  a  1:1  copolymer  of  diols  7_  and  6_  for  comparison  of  its 
Tq  with  that  of  the  corresponding  copolymer  of  1_  and  5.  M^,  by  GPC  was  1824. 

The  respective  glass  transition  temperatures  were  -23^  and  -24°C. 

The  copolymerization  of  5^  and  1_0  with  bis(2-hydroxyethyl) -o-carborane , 
which  had  been  demonstrated  previously,  was  studied  in  more  detail.  The 
copolyformals  prepared,  and  some  of  their  characteristics,  are  shown  in  Table 
4,  selected  GP  chromatograms  and  ^H-NMR  spectra  in  Figures  15-16  and  17-18, 
respectively.  The  copolymers  with  _10  are  potential  high  energy  components  for 
block  copolymers. 
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Table  4.  Copolyformals  of  bis(hydroxyethyl) -o-carborane 
and  _5  and  K*’  respectively 


Feed 

Ratio 

(GPC  estimate) 

Appearance 

Yield  (%) 

5^  Copolymers 

j 

90/10 

2074 

resin 

>75 

80/20 

1702 

resin 

>70 

65/35 

1885 

resin 

>70 

10  Copolymers 

90/10 

2290/2950* 

hard  glass 

>80 

80/20 

2450/3130* 

resin 

>75 

70/30 

2150/2890* 

resin 

>75 

«|j»  ■  ■  -  -  1  — 11  — 

with  and  without  cvclic  formals 

About  lOOg  of  the  97.5/2.5  copolyf ormal  of  octaf luorohexanediol  (_5)  and 
3-nitro- 3-azapentanediol  (11_)  were  prepared  for  evaluation  as  a  cast-curable 
binder  in  combination  with  FEFO  as  plasticizer.  The  polymer  prepared  had 
-  2000.  The  GP  chromatogram  is  shown  in  Fig.  19. 

NO, 

I  l 

HOCH  2  CH  2  NCH2  CH2  r  H  02  NC ( CH  2  OH ) 3 

n  12 

The  copolymerization  of  6  and  _11_  was  studied  briefly.  hi  could  be 
incorporated  more  readily  than  in  the  case  of  _5  and  11 ,  up  to  10%  or  more. 
However,  at  the  10%  level,  did  not  exceed  '1500,  and  at  lower  levels  (2.5%, 
5%),  the  copolymers  were  not‘ miscible  with  FEFO  and  other  energetic 
plasticizers  (the  reason  for  attempting  this  copolymerization).  Similarly, 
copolymers  prepared  from  the  3M  perf luoropolyether  diol  L-9939  (3_)  and  _7 
(ratios  2:1  and  1:1),  which  had  !■!,  1900-1700,  were  not  miscible  with  energetic 
plasticizers.  Selected  GP  chromatograms  and  ^H-NMR  spectra  are  shown  in 
Figures  19-21. 

Attempts  w  ■  rade  to  copolymerize  octaf luorohexanediol  b_  and  nibglycerol 
12  in  order  to  ODtain  a  polyformal  with  functionality  >2.  However,  only 

homopolymers  of  5^  . .  obtained  with  no  incorporation  of  detectable  amount  of 

12. 


Some  additional  DSC,  Tg,  and  viscosity  data  obtained  for  several  of  the 
copolymers  prepared  earlier  are  listed  in  Table  5.  As  expected,  Tg  and 
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Table  5.  Thermal  and  Viscosity  Properties  of  Some  Copolyformals 


Viscosity  at 


Polymer/M^ 

tg  1 

(°C ;  DSC)  j 

! 

TMA  Onset  ' 

of  Softening 
(°C) 

i 

|  TGA 

T10% 
i  (°C)* 

10  Rad/sec  (Poise) 
50°C  75°C  100°C 

FPF-1/2150 

i 

-55.7  | 

I 

-40.0 

I  364 

61.4 

12.6 

5.9 

5 -Co -11  (97 .5:2. 5)/1954 

1 

-58.0 

-40.0 

334 

48.3 

11.7 

5.2 

5-Co-l  (15:85) /1981 

-12.3 

2.0 

276 

2825 

185.5 

37.5 

5-Co-7  (30 : 70)/2096 

-14.0 

| 

-1.0 

| 

277 

i 

1686 

149.2 

27.6 

5-Co-7  ( 50 : 50)/2075 

-23.9 

-8.5 

276 

585.8 

74.9 

13.5 

5-Co-2  (70: 30)/2139 

-34.7 

-18.0 

j  281 

257.2 

34.3 

8.3 

*temperature  of  10%  weight  loss  at  heating  rate  of  2°/min. 


viscosity  of  the  f luorodiol/nitraminediol  copolymers  increase  with  increasing 
nitraminediol  content. 


Block  Copolymer  Synthesis,-  During  the  past  year,  previously  initiated 
approaches  to  (AB)^  block  copolymer  synthesis  were  pursued  further.  These 
include  (a)  the  synthesis  and  reaction  of  acid  chloride  -  terminated  polyesters 
with  a  hydroxy- terminated  polyester  or  polyformal;  (b)  end-capping  hydroxy- 
terminated  blocks  with  a  free  or  semi-blocked  diisocyanate,  followed  by 
reaction  with  a  second  hydroxy- terminated  block;  (c)  reaction  of  a 
diisocyanate  with  hydroxy- terminated  blocks.  In  addition,  several  new 
energetic  diisocyanates  for  use  in  approach  (c)  were  synthesized,  and  effects 
of  plasticization  of  (AB)^  block  copolymers  were  studied  briefly. 

Approach  (a) : 

0  0 
II  H 

C1C-R-CC1  +  HO 


Heat 

-HC1 


0  0 

II  II 

C1C-R-C 


0 

t 

C1C< 


0  0  1 
II  I! 
OC-R-C 


■Cl 


0 

II 

cic- 


0 

II 

■CC1 


HO -  POLYMER  -  OH 


0 
ll 

+  C- 


0 

II 

CC1 


0 
1 1 

CO-  P0LYMER-0  + 


N 
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Approach  (b) : 


HO -POLYMER (A) -OH  + 


OCN 


* 


CH, — <VjS—NHCO- POLYMER  (A)  -OCNH 
3  v  -Jf  l!  Il 


r 


0 


OCN 


NCO 


HO -  POLYMER ( B ) - OH 


CH- 


4-CNH 

6 


NHC - 0 -  POLYMER (A) - OCNH 
il  II 

o  0 


"1 


NHCO-  POLYMER (B)  -0+- 

I  JN 


Approach  (c) : 

HO -POLYMER (A) -OH  +  OCN- 

(  0 
J: 

HO- -POLYMER (A) -OCNH' 


■NCO 


0 

•NHCO- 


■POLYMER (A) -OH 


N 


Approach  (a) :  Previous  efforts  to  prepare  block  copolymers  from  acid 
chloride  -  terminated  nitropolyesters  and  diols/polydiols  were  unexpectedly 
unsuccessful . ^  In  an  effort  to  determine  the  reasons  for  this  result,  end 
group  analyses  were  done  for  two  polyesters.  Polymers  in  the  molecular  weight 
range  3000-4000,  made  by  condensation  of  1_3  with  excess  malonyl  chloride,  were 
reacted  with  trif luoroethanol ,  t-butanol,  and  trimethylsilyl  azide, 
respectively.  The  trif luoroethanol  and  t-butanol  treated  polymers  were 
analyzed  by  H-NMR  for  CF-jCT^  and  (CH^l^C  content.  Molecular  weights  of 
27,000  and  18,000  were  obtained  (as  compared  to  3000-4000  by  GPC) ,  which 
indicates  that  the  polymers  may  not  be  acid-chloride  terminated,  or,  that  the 
end-capping  reaction  does  not  proceed  as  expected.  Similarly,  the  carbonyl 
azide- terminated  polymer  was  heated  in  the  presence  of  1_  and  catalyst.  There 
was  little  increase  in  molecular  weight;  an  increase  would  have  been  expected 
if  the  original  polymer  had  been  acid  chloride  -  terminated .  It  appears  that 
this  was  not  the  case . 

H0CH2C(N02)2CH2OCH2OCH2C(NO2>fH2OH 

13 
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Diol  _13_  was  then  reacted  with  2  equivalents  of  4 , 4 - dinitropimeloyl 
chloride  to  give  low  molecular  weight  oligomers  (GPC,  Fig.  22)  which  were 
clearly,  at  least  in  part,  acid  chloride  terminated  (^H-NMR,  Fig.  23). 
Subsequent  reaction  with  trif luoroethanol  was  followed  by  NMR  (disappearance 
of  CH2COCI)  and  was  found  to  be  very  slow  (65°C,  17  days,  100%  excess 
CF2CH2OH) .  The  resulting  product  had  a  molecular  weight  which  was  higher  than 
that  of  the  starting  material  (=>1500  vs.  960)  as  can  be  seen  by  comparing 
Figs.  22  and  24.  The  reasons  for  this  increase  are  not  clear.  The  molecular 
weight  obtained  by  ^  F-NMR  end-group  analysis  was  even  higher  (=2500) , 
indicating  only  partial  CFjCi^  termination. 

In  view  of  the  above  unexplained  results,  no  further  work  to  use  the 
~WW0H  +  ClC(0)*'vw  reaction  for  block-linking  is  planned. 

Approach  (b) :  In  our  previous  work,  we  demonstrated  the  formation  of  (AB)^- 
block  copolymers  with  TPE  properties  from  TDI -endcapped  hexaf luoropentanediol 
polyformal  (FPF-1)  and  nitrodiols/nitropolyformal  diols.  When  3- 
nitrazapentane  diisocyanate  was  used  in  place  of  TDI,  an  apparently  cross- 
linked  polymer  was  obtained.  This  preparation  was  repeated  with  distilled 
diisocyanate  and  again  a  cross-linked  elastomer  resulted. 

Earlier,  TDI - endcapped  FPF-1  had  been  chain-extended  with  one  equivalent 
of  to  give  an  (AB)»-  block  copolymer.  This  reaction  was  repeated  with  0.8 
equivalents  of  7_  to  test  the  effect  of  molecular  weight  on  block-copolymer 
properties.  The  molecular  weight  was  lower  by  GPC  (Fig.  25),  and  the  melting 
point  was  substantially  lower:  ~80°C  as  compared  to  95-110°  for  the  1:1  block 
copolymer.  We  also  tested  the  utility  of  two  additional  energetic  diols,  1_3 
and  14  as  "hard  blocks". 


OH 

I 

cf(no2 ) 2chchcf(no2 ) 2 

OH 


14 

No  significant  chain-extension  occurred;  degradation  (deformylation? )  of  the 
diols  was  the  main  reaction. 


Synthesis  of  Energetic  Diisocyanates:  Preliminary  work  last  year  showed  that 
chain-extension  of  hydroxy- terminated  soft  blocks  with  TDI  gave  segmented 
polymers  with  "quasi"  TPE  properties.  It  was  expected  that  the  properties 
would  improve  with  the  use  of  larger,  higher-melting  diisocyanates.  Last 
year, ^  4 ,4-dinitroheptanedioic  azide  was  synthesized  as  a  precursor  for 
dinitropentane  diisocyanate.  Using  the  same  approach,  3-nitro-3- 
azapentanedioic  azide  was  obtained  from  nitraminodiacetic  acid.  Additional 
longer  chain  diisocyanates  1_5  and  _16  were  prepared  by  end-capping  energetic 
diols  1_  and  _13  with  TDI.  Reaction  of  _15  and  J^6  with  methanol  gave  the 
expected  urethanes  whose  ^H-NMR  spectra  (Fig.  26)  were  consistent  with  the 
assumed  structures.  GP  chromatograms  of  1_5  and  _16^  show  single  peaks, 
indicating  that  no  chain  extension  occurred  during  end-capping  of  the  diols 
with  diisocyanate . 
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HO-R-OH 


7,  13 


NCO 


R  -  CH2CH2N(N02)CH2CH2N(N02)CH2CH2 


16:  R  -  CH2C(N02)2CH20CH20CH2C(NO2)2CH2 

Chain-extension  of  soft  blocks  with  these  isocyanates  will  provide  (AB)^ 
block  copolymers  identical  in  structure  with  those  prepared  by  approach  (b)  - 
end-capping  of  prepolymer  diols  with  toluene  diisocyanate  followed  by  chain- 
extension  with  a  diol. 


An  attempt  was  also  made  to  prepare  a  diacid  diazide,  for  use  in  the 
chain-extension  reaction,  from  the  DINOL  (_13j  diester  with  4 ,4-dinitropimeloyl 
chloride.  Reaction  of  the  diisocyanate,  generated  in  situ  as  above,  with  7^ 
and  with  FPF-1  gave  the  desired  coupling  reaction,  based  on  the  observed 
increase  of  molecular  weight  in  the  GP  chromatogram.  Thus,  17_  should  be 
usable  for  block  copolymer  synthesis. 

0  0 

V  II 

H0CH2C(N02)2CH20CH20CH2C(N02)CH20H  +  2  C1CCH2CH2C(N02)2CH2CH2CC1 

13 


0 

II 

cic- 


0  0 

II  II 

•CO-DINOL-OC- 


0 

II 

■CC1 


(CH3)3SiN3 


0  0 

II  II 

CO-DINOL-OC 


0 

II 

cn3 


17 


7  (or  FPF-1),  60 
DBTDL 


o 


OCN 


0  0 

0 

0 

0  0 

II  II 

II 

II 

II  II 

CO-DINOL-OC  ^ 

HNCO- 7_ 

(or  FPF-1) -0CNH-~^ 

CO-DINOL-OC 

•vwNCO 
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Approach  (c):  In  the  previous  work  using  this  approach,  FPF-1  had  been 
chain-extended  with  several  diisocyanates,  and  incipient  TPE  properties  were 
noted  for  some  of  the  resulting  segmented  polymers.  This  approach  was 
extended  to  other  soft  blocks  and  additional  diisocyanates  in  an  effort  to 
prepare  phase  -  separated  TPEs  with  improved  properties  and  to  determine 
variation  of  properties  with  structure.  A  considerable  variation  of 
properties  with  structure  of  both  soft  block  and  diisocyanate,  and  with  the 
molecular  weight  of  the  soft  block,  was  noted.  The  polymers  prepared  are 
listed  in  Table  6.  None  of  thes  materials  show  narrow  melting  ranges 
detectable  by  DSC.  They  exhibit  elastic  properties  and  visually  a  temperature 
range  can  be  identified  where  this  elasticity  disappears  and  the  polymers  are 
stirrable;  this  temperature  range  is  listed  in  the  table  as  "melting  range". 
Further  characterization  is  in  progress.  Several  samples  have  been  submitted 
to  the  University  of  Massachusetts  for  characterization  of  melt  behavior  and 
elasticity . 

Table  6.  Segmented  Polymers  Prepared  by  Chain-extension  of 
Hydroxy- terminated  Soft  Blocks  with  Diisocyanates 


Soft  Block 

<v 

Diisocyanate 

Appearance 
at  room 
temperature 

Melting 

Range 

[°C] 

GPC , 
Fig- 
No. 

FPF-1  (2100) 

3,3- d ini tr open tane 
(in  situ) 

rubbery  but  soft 

70-80° 

* 

FPF-1  (2100) 

3 -nitrazapentane 

soft,  slightly  rubbery 

75-85° 

* 

FPF-1  (2100) 

toluene -2,4- 

resin 

- 

* 

FPF-1  (5400) 

3 , 3-dinitropentane 
(in  situ) 

soft,  slightly  rubbery 

<80° 

* 

FPF-1  (5400) 

toluene -2,4- 

soft,  slightly  rubbery 

<80° 

* 

FPF-1  (5400) 

3 -nitrazapentane 

rubbery  but  soft 

>130° 

* 

FPF-1  (2100) 

2 -nitrazapropane 

soft,  barely  elastic 

75-80° 

27 

FPF-1  (5400) 

2-nitrazapropane 

elastic,  fairly  strong 

“140° 

27 

5/7  Copolyformal 
Ratio  70:30 

3 , 3-dinitropentane 
(in  situ) 

soft,  slightly  rubbery 

“70 

- 

same,  Ratio 

50:50 

same 

soft,  elastomer 

“70 

28 

same,  Ratio 

30:70 

same 

tough  elastomer 

“100 

- 

same,  Ratio 

15:85 

same 

tough  elastomer 

“90 

- 
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Table  6 .  (Con' t) 


Soft  Block 

(V 

Di  isocyanate 

Appearance 
at  room 
temperature 

Melting 

Range 

[°C] 

GPC, 

Fig- 

No. 

9  Polyformai 
(3500) 

same 

elastomer 

-110 

(typ 

for 

*fron 

| 

29 

deal 

most 

i  9) 

same 

2 -nitro- 2 -azapropane - 

1,3- 

elastomer 

-130 

- 

same 

toluene -2,4- 

elastomer 

- 

9  Polyformai 
(6500) 

3,3-dinitropentane- 

1,5- 

elastomer 

-130 

- 

S  £1716 

2 -nitro- 2  - azapropane - 
1,3- 

elastomer 

■ 

-135 

- 

6  Polyformai 
(3300) 

| 

3 , 3-dinitropentane- 
!  1,5- 

resin,  barely 
elastomeric 

- 

same 

!  2 -ni tro- 2 -azapropane - 
!  1,3- 

resin,  barely 
elastomeric 

- 

same  j 

toluene-2,4- 

soft  elastomer 

30 

Octafluorotr i - 
ethylene  glycol 
Polyformai 
(2700) 

3 , 3  - d ini tr open tane - 
■  1,5- 

resin 

same 

toluene -2,4- 

very  soft 
elastomer 

31 

Poly(2 -butoxy- 
dioxepane ) 

3,3- dinit r open tane - 
1,5- 

not  isolated 

32 

9  Polyformai 
(4460) 

same 

soft  elastomer 

100-105 

j  - 

same  (7600) 

toluene-2 ,4- 

soft,  slightly 
elastic 

100-105 

- 

same  (4460) 

15 

strong,  elastic 

115-120 

33 
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Table  6.  (Con't) 


Soft  Block 

<V 

Diisocyanate 

Appearance 
at  room 
temperature 

|  Melting 
Range 
[°C] 

GPC, 

Fig. 

:  No. 

same  (7600) 

15 

elastic 

1 

1 

( 

! 

,  33 

same  (4460) 

16 

strong,  elastic 

-115 

same  (7600) 

16 

t 

elastic 

-110 

- 

*see  reference  2 

The  elastomers  prepared  from  9_  are  the  first  nitro- substituted  TPEs  not 
containing  fluorine  or  other  Tg  depressants.  However,  their  TqS  are  expected 
to  be  between  -10  and  0°C  and  lowering  by  plasticization  or  copolymerization 
may  be  desirable. 

Thermal  Characterization:  In  Table  7  are  listed  some  DSC  data  for  a  number  of 
the  block  copolymers  prepared  to  date.  While  all  polymers  show  sharp  glass 
transitions  for  the  soft  block,  only  the  one  which  contains  a  polyformal  hard 
block  also  shows  a  second  TG  for  the  hard  block.  This  polymer  retains 
elastomeric  properties  well  beyond  the  second  Tq.  None  of  the  DSC  curves  show 
sharp  melting  transitions  and  only  in  some  cases  can  broad  TM  ranges  be 
identified,  as  seen  in  Table  7.  This  is  in  agreement  with  the  earlier 
reported  qualitative  observations  of  the  melting  behavior  of  these  block 
copolymers  which  indicate  a  fairly  broad  melting  range.  Selected  DSC  plots 
are  shown  in  Figs.  34-36. 

Table  7.  DSC  Data  for  Various  Block  Copolymers 


Composition 


Soft  Block/Link/Hard  Block 

tg  (°C) 

Tm  (°C) 

FPF-1  (1900)/TDI/Tetranitrodiazanonanediol  (8^ 

-37.8  I 

1 

- 

FPF-1  (5400)/TDI/Tetranitrodiazanonanediol  (8^) 

-44.6 

- 

FPF-1  (5400)/TDI/Tetranitrodiazanonanediol  (j5) 

-45.6 

Polyformal 

28.4 

- 

FPF-1  (5400)/TDI/Hexanitropentadecanediol  ( 10) 

-44.7 

- 

FPF-1  (5400)/TDI/Dinitrazaoctanediol  (7) 

-43.8 

- 

FPF-1  ( 5400/3 -Nit razapentanedi isocyanate/ - 

-44.0 

FPF-1  (2100)/3 , 3-Dinitropentanediisocyanate/- 

-30.6 

70-  ? 

FPF - 1  ( 21 50 )/2 -Nitrazapropanedi isocyanate/- 

-28.3 

FPF - 1  (5400)/2 - Nitrazapropanedi isocyanate/- 

-38.3 

1 
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Table  7.  (Con't) 


Composition 


Soft  Block/Link/Hard  Block 

tg  (°C) 

tm  (°c) 

FPF-1  (5400)/TDI/Dinitrazaoctanediol  (2)'.  contains 

less  7 

-42.9 

60-90 

*4-  4-  4- 

OFHdiol  -DNOdiol  (50:50)/ 

3 , 3 -Dinitro- 

6.3 

50-90? 

4"  4*  * 4" 

OFHdiol  -DNOdiol  (30:70)/ 

?•  pentanedi  - 

>-  /- 

7.1 

80-90? 

OFHdiol*- DNOdiol**  (15:85)/ 

> 

isocyanate 

10.1 

- 

Plasticization  Study:  The  effect  of  plasticization  of  some  block-copolymers 
on  their  melting  points  and  viscosities  was  tested  qualitatiavely ,  using  the 
energetic  plasticizer  FEFQ.  Presumably,  FEFO  plasticizes  both  the  hard  and 
soft  blocks.  Only  the  block  copolymers  prepared  by  end-capping  soft  blocks 
with  a  diisocyanate  followed  by  chain-extension  (approach  b)  were  strong 
enough  to  retain  some  elasticity  on  plasticization  with  at  least  25%  FEFO. 
These  results  are  shown  in  Table  8.  The  addition  of  FEFO  had  a  significant 
effect  on  the  melting  points  of  these  polymers  and  strongly  reduced  their 
elasticity  and  strength;  judging  from  qualitative  observation,  the  viscosity 
was  not  significantly  reduced,  but  quantitative  measurements  should  be 
obtained . 


Table  8.  Properties  of  FEFO-plasticized  TPEs 
.  Melting  Range  (°C) 


Composition 

Without 

Plasticizer 

With 

Plasticizer 

FPF-1  (1900)  end-capped 
with  TDI  then  coupled 
with 

90-100 

+50%  FEFO:  resin 
at  r.t.;  not  elastomeric 

same  except 

FPF-1  (5450) 

120-125 

+10%  FEFO: 
+50%  FEFO: 

+100%  FEFO: 

=  115 

<*  80 ;  weak 
elastomer 
resin 

FPF-1  (5450) 
coupled  with 

TDI  endcapped, 

8^  polyformal 

>120 

+50%  FEFO: 

+100%  FEFO: 

80-90;  strong 
rubber 
resin 

FPF-1  (5450) 
coupled  with 

TDI  endcapped, 

10 

>130 

+50%  FEFO: 

90-100;  weak 
rubber 

FPF-1  (5450) 
coupled  with 

TDI  endcapped, 

1 

95-110 

+25%  FEFO: 
+50%  FEFO: 

85;  weak 

85 ;  very  weak 
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Polymer  Characterization . -  Evaluation  of  the  NSWC  GPC  system  for  the 
determin  ~ion  of  absolute  molecular  weight  distribution  parameters  and 
intrinsic  viscosities  of  unknown  polymers  has  continued.  The  determination  of 
the  absolute  number  average  molecular  weight  of  a  polymer  sample  by  this 
method  depends  upon  the  intrinsic  viscosity  of  each  eluting  species. 
Consequently,  it  is  essential  that  the  viscometer  be  able  to  make  accurate 
intrinsic  viscosity  determinations  over  the  entire  molecular  weight  region 
applicable  to  GPC. 

Thus  far,  comparisons  of  intrinsic  viscosities  have  been  made  for  narrow 
distribution  polystyrene  standards  ranging  in  molecular  weight  between  1,000 
and  1,200,000  of  reported  data  and  those  obtained  using  the  NSWC  viscometer. 
These  measurements  were  made  both  on  whole  polymers,  without  GPC  columns,  and 
again  on  fractionated  polymers,  using  GPC  columns.  In  both  cases,  the  results 
were  mostly  in  agreement  to  within  10%  as  shown  in  the  following  compilation: 

[*?]  (mL/G) 


(i)  WITHOUT  COLUMN'S 

MW 

OBSERVED 

EXPECTED 

45,000 

25.50 

26.47 

10,000 

9.15 

9.17 

2,900 

5.19 

4.94 

890 

3.17 

2.74 

(ii)  WITH  COLUMNS 

1,250,000 

296.00 

321.00 

760,000 

205.00 

192.00 

422,000 

126.00 

133.00 

172,000 

69.90 

68.50 

108,000 

13.20 

13.60 

45,400 

26.10 

26.60 

18,000 

13.20 

13.60 

6,500 

6.58 

6.51 

2,900 

4.17 

4.95 

890 

3.17 

2.74 

In  addition,  Mark-Houwink  constants  were  measured  for  polystyrene  in  THF 
using  the  new  system  and  the  narrow  distribution  polystyrene  standards  of  the 
same  molecular  weight  range.  The  values  again  compared  favorably  with  those 
expected  both  for  the  theta  (low  molecular  weight,  i.e.,  <10,000)  region  and 
the  high  molecular  weight  region  (10,000-1,000,000)  as  shown  below: 

OBSERVED  EXPECTED 

K 6  =  0.076  (mL/G)  0.084  (mL/G) 

a 9  =  0.53  0.50 


K  -  0.0108  (mL/G)  0.0113  (mL/G) 

q  =  0.728  0.725 

2 

As  reported  previously,  a  method  for  the  determination  of  the  absolute 
number  average  molecular  weight  of  any  polymer  or  copolymer  by  GPC  using  only 
the  differential  viscometer  detector  and  the  universal  calibration  curve  has 


been  developed.  The  following  equation,  whose  derivation  is  not  shown  here, 
is  the  basis  for  this  method: 


“K  “ 


3*  CIVI 
4n  v 


where  is  the  number  average  molecular  weight,  4>  is  Flory's  constant 
(adjusted  to  reflect  hydrodynamic  radius),  Cj  is  the  injection  concentration, 
Vj  is  the  injection  volume,  Vg  is  the  slice  volume  of  the  chromatogram,  Vh^  is 
the  hydrodynamic  volume  of  each  eluting  species  (obtained  from  the  elution 
volume  and  the  universal  calibration  curve) ,  and  n£p^  is  the  specific 
viscosity  of  each  eluting  species  (obtained  from  the  differential  viscosity 
detector  output) . 

Validation  of  the  new  method  to  determine  absolute  and  intrinsic 
viscosity  using  the  differential  viscometer  as  the  only  detector  has 
continued.  Several  samples  of  well  characterized  commercial  polymers  with 
different  structures  and  in  the  low  to  medium  molecular  weight  range  have  been 
examined  with  favorable  results,  Table  9. 


Table  9.  Comparison  of  Reported  and  Measured  for 
Various  Polymer  Samples 


“n  m 

Measured 

without 

[*?] 

with 

Polymer 

Sample 

Reported 

GPC 

Columns 

poly ( cap rolac tone) 

PCP-310 

i 

1 

‘  900 

1090 

5.49 

5.56 

PCP-240 

2026 

2178 

10.09 

9.31 

PCP-260 

2995 

3046 

12.06 

12.15 

poly (propylene  glycol) 

PPG- 2000 

2000 

2040 

5.86 

5.47 

PPG-4000 

4000 

4108 

10.37 

10.42 

poly (butadiene) 

ARCO 

2800 

2756 

15.83 

15.82 

poly(isoprene) 

PIP-10200 

9681 

9330 

16.26 

PIP-34000 

33340 

34956 

- 

36.52 

PIP-135000 

129800 

125000 

96.60 

polysytrene 

119600 

114400 

82.20 

poly(methyl  methacrylate) 

46400 

45000 

- 

31.50 

Mj,  of  the  poly ( isoprene )  samples  were  supplied  by  th^  vendor.  of  the  other 

samples  were  determined  from  their  hydroxyl  equivalents,  most  or  which  were 
supplied  by  the  vendors.  The  hydroxy  numbers  of  the  PCP-240  and  PCP-260 
samples  were  determined  at  NSWC. 
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In  addition  to  the  commercial  samples  shown  above,  a  number  of  polymer 
samples  prepared  at  NSWC  were  examined.  The  results  are  compared  in  Table  10 
with  those  obtained  using  a  variety  of  other  methods. 


Table  10.  Comparison  of  of  Various  Fluoro-  and  Nitropolyformals 
Determined  by  Different  Methods 


Polyformal 
of  Diol 

iH-NMR 

VPO 

GPC 

RI  1  RI  1  Viscometer 

includes  excludes  ! 

cyclic  material  &  monomer 

*9 

2776 

1801 

1990 

2528 

!  2654 

10 

4164 

3538 

4046 

3973 

2 

- 

1678 

2199 

f 

3141 

2789 

2 

2248 

1889 

2096 

2096 

1901 

6 

3456 

2872 

3337 

3337 

2897 

Hexaf luoro - 
pentane 

5892 

1 

5419 

5450 

5450 

5907 

M  is  very  sensitive  to  small  amounts  of  low  molecular  weight 
impurities.  As  a  result,  in  those  samples  where  the  R1  detector  showed  that 
low  molecular  weight  impurities  were  present,  the  VPO  and  GPC(RI)  values  were 
significantly  lower  than  the  values  obtained  where  the  low  molecular  weight 
impurities  were  excluded  from  the  GPC(RI)  calculations.  The  NMR  results  were 
obtained  by  measuring  the  hydroxyl  functionality  and  assuming  a  molecular 
functionality  of  2.  Since  the  NMR  method  is  not  responsive  to  nonfunctional 
materials,  the  NMR  results,  therefore,  correlate  well  with  the  GPC(RI)  results 
obtained  when  the  low  molecular  weight  materials  were  excluded.  Because  the 
response  of  the  viscometer  increases  as  a  function  of  the  molecular  weight, 
this  detector  is  relatively  insensitive  to  small  amounts  of  low  molecular 
weight  material  and  the  M^  are  similar  to  those  from  the  RI  detector  when  the 
low  molecular  weight  materials  were  excluded  from  the  calculation. 

A  set  of  GPC  columns  suitable  for  the  examination  of  high  molecular 
weight  polymers  is  presently  being  calibrated.  The  examination  of  a  variety 
of  high  molecular  weight  polymers  and  copolymers,  both  commercially  obtained 
and  made  in-house,  using  the  viscometer  M^  method  will  be  made. 

EXPERIMENTAL  SECTION 

Melting  points  are  uncorrected.  Temperatures  are  in  °C.  Microanalyses 
are  by  Galbraith  Laboratories,  Knoxville,  Tennessee,  NMR  spectra  were 
obtained  in  part  on  a  Varian  EM-390  spectrometer,  in  part  on  a  Varian  XL-200 
NMR  spectrometer.  Chemical  shifts  are  in  ppm  relative  to  TMS  internal 
standard.  Silica  gel  was  Kieselgel  60,  70-230  mesh,  throughout. 


Gel  Permeation  Chromatography,  General  Procedure.  Analyses  of  homopolymers 
and  copolymers  were  performed  using  a  Waters  Model  6000A  solvent  delivery 
system,  Model  U6K  injector,  Model  440  ultraviolet  (UV)  absorbance  detector, 
and  Model  R-401  refractive  index  detector.  A  Toyo  Soda  Micropak  H-series 
guard  column,  7.5  cm  in  length  and  0.75  cm  in  diameter  and  three  Toyo  Soda 
Micropak  TSK  3000H  size  exclusion  columns,  each  30  cm  in  length,  with  inside 
diameters  of  0.75  cm,  and  packing  pore  sizes  of  1500  A  were  used.  The  eluant 
was  deaerated  Burdick  &  Jackson  te trahydrofuran  with  water  content  less  than 
0.01%  in  order  to  maximize  peak  resolution.  Solvent  flow  was  nominally 
1.0  mL/min.  Chart  speed  was  1.0  cm/min.  Data  were  collected  by  a  DIGITAL 
MINC  microcomputer  using  a  Chromatix  CMX-10  dual  channel  interface  module. 

Data  reduction  was  performed  with  the  Chromatix  GPC2  software  package.  The 
sample  (25-50  mg)  was  dissolved  in  5  mL  of  deaerated  tetrahydrofuran ,  and 
approximately  100  pL  aliquot  was  filtered  through  a  Millipore  0 . 5/j  FH  type 
filter  and  injected  into  the  instrument.  Calibration  curves  were  constructed, 
whenever  possible,  using  the  peak  positions  and  molecular  weights  of  the 
resolved  oligomers  of  each  sample. 

Some  GPC  experiments  and  measurements  of  intrinsic  viscosities  using  the 
newly  developed  methods  were  carried  out  using  a  Waters  model  6000/.  solvent 
delivery  system  connected  to  a  Molvtek  Therrcalpulse  II  flowmeter,  and  a  Waters 
U6K  manual  injector.  The  detector  used  was  a  Viscotek  model  100  Differential 
viscometer.  The  eluant  was  unstabilized  tetrahydrofuran.  The  flow  rate  was 
nominally  1  mL/min.  Intrinsic  viscosities  were  determined  both  with  GPC 
columns  connected  ar.d  without  columns  connected.  GPCs  were  carried  out  using 
Toyo  Soda,  TSK ,  H  series  columns  which  were  30  cm  in  length.  For  polymers 
whose  M„  were  below  5000,  three  columns,  each  with  packing  pore  size  of  1500  A 
(TSK-3C00H;  were  used.  For  po letters  whose  M  were  above  5000,  four  columns 
with  packing  poie  sizes  of  1 500"  A  (TSK-3000H),  10*  A  (TSK-4000H) ,  105  A  (TSK- 
5000H) ,  and  106  A  (TSK-6000H)  respectively  were  used. 

Data  were  collected  using  an  IBM  PC/AT  microcomputer  equipped  with  a  Data 
Translation  DT-2805  data  acquisition  board,  and  an  80287  math  coprocessor 
chip.  The  data  collection  and  data  reduction  software  was  written  in-house 
using  the  ASYST  version  2.10  scientific  programming  language.  Number  average 
molecular  weights  were  determined  using  the  new  algorithm  described  on  p.  15. 

Poly (octaf luorotriethviene  glycol  formal).-  A  solution  of  4.466g  diol  1^ 
(15.19  mmol)  in  2.9  m,L  of  80%  HjSO^  and  2.6  mL  of  dry  CH2CI2  (4A  sieves)  under 
a  N 2  atmosphere  was  cooled  in  an  ice  bath.  A  solution  of  ,47g  of 
paraformaldehyde  (15.6  mmol)  in  2  mL  of  90%  hhSO^  was  added  and  the  reaction 
mixture  was  stirred  at  room  temperature  for  -20  hrs.  The  reaction  mixture  was 

poured  over  30g  of  ice  and  stirred  with  30  m.L  of  ether  and  1  mL  of  30%  H2O2 

for  3  hrs.  The  ether  layer  was  separated  and  stirred  with  30  mL  of  2.5% 
aqueous  KOH  and  1  mL  of  30%  H2O2  for  -2  hrs.  The  ether  layer  was  separated, 
washed  with  brine,  and  evaporated  at  45°/20  Torr.  Heating  to  70°C/0.5  Torr 
for  3  hrs  removed  unreacted  monomer.  The  polvmer_was  a  pale  yellow  liquid, 
obtained  in  >80%  yield  (after  monomer  removal);  (M  -  3650). 

Poly (hexadecaf luorodecaned i o 1  formal) . -  A.  H2S0^/CH2C1 2 :  Under  a  N2 
atmosphere,  3.51g  of  diol  2  (7.60  mmol)  was  stirred  with  2.90  mL  of  80%  H2SO4, 
1  mL  of  90%  H2S0^ .  and  2.6  mL  of  CH2CI2  (4a  sieves)  until  it  formed  a 

homogeneous  "slurry".  The  mixture  was  cooled  in  an  ice  bath  and  a  solution  of 
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,228g  of  paraformaldehyde  (7.60  mmol)  in  1  mL  of  90%  was  added.  The 

reaction  mixture  was  stirred  at  room  temperature  for  -20  hrs.  The  mixture  was 
poured  over  30  g  of  ice  and  stirred  with  30  mL  of  ether.  The  white  solid  was 
filtered  off,  washed  wi^th  both  water  and  ether,  and  dried  under  vacuum  over 
P2O5,  mp  -  100-102°C;  =  3600  (excluding  monomer). 

B.  t^SO^/sulfolane :  Under  a  N2  atmosphere,  3.51g  of  diol  2_  (7.60  mmol) 

were  stirred  with  2.5  mL  of  80%  and  2.0  mL  of  dry  sulfolane  (4A  sieves) 

until  a  homogeneous  slurry  was  obtained.  The  mixture  was  cooled  in  an  ice 
bath  and  a  solution  of  .228g  of  paraformaldehyde  in  1.75ml  of  90%  was 

added.  After  stirring  overnight  at  room  temperature  for  -20  hrs,  the  reaction 
mixture  was  poured  over  30g  of  ice  and  stirred  with  30  mL  of  CH2CI2  for  1 
hr.  The  white  solid  was  filtered  off  and  washed  with  and  The 

solid  was  dried  under  vacuum  over  ^2^5’  mP  “  100-102°C;  yield  ~  91%;  M  =*  3150 
(excluding  monomer) . 

Scale  Up  of  Polyformal  of  Diol  3  (3M  L9939).-  To  a  solution  of  50. Og  of 

diol  3^  (.05  mol)  in  19.3  mL  of  80%  H^SO^  and  13.3  mL  of  90%  was  added, 

under  a  N2  atmosphere,  a  solution  of  1.26g  of  trioxane  (.042  mol)  in  87  mL  of 

dry  CH2CI2  (4A  sieves) ,  and  the  mixture  was  stirred  at  room  temperature 

for  -20  hrs.  The  reaction  was  poured  into  300  mL  of  ice  water  and  was  stirred 

with  300  mL  of  ether  and  12.5  mL  of  30%  H2O2 .  The  ether  layer  was  separated 

and  washed  with  300  mL  of  2.5%  aqueous  K0H  and  12.5  mL  of  30%  H2O2 ,  and  then 

with  250  mL  of  water.  After  stirring  with  silica  gel  (15  mL)  overnight,  the 

solution  was  filtered  and  stripped  (50°C/20  Torr);  the  yield  of  polymer  was 

^90%;  M  =  2100.  When  1.35g  of  trioxane  (0.045  mol)  was  used,  a  polymer  of 

M  -  2600  was  obtained, 
n 

Scale  Up  of  Poly (4 , 4 , 10 , 10- tetranitro- 6 , 8 -dioxatridecane - 1 , 13 -diol 

formal ) . -  To  a  solution  of  14. 4g  of  diol  4  (.0360  mol)  and  1.08  of  trioxane 

(.0360  mol)  in  12  mL  of  dry  sulfolane  (4A  sieves)  and  8.0  mL  of  dry  CH2CI2  (4A 

sieves)  under  a  N2  atmosphere,  cooled  to  18-20°C,  was  added  2.0  mL  of  SnCl^ . 

The  mixture  was  stirred  at  20°C  for  20-24  hrs,  then  quenched  in  150  mL  of  1^0 

and  stirred  with  150  mL  of  CH2CI2  for  1  hr.  The  organic  phase  was  separated 

and  washed  with  100  mL  of  brine.  The  CH2CI2  solution  was  stripped  (55°C/20 

Torr),  the  residue  was  dissolved  in  20-25  mL  of  THF  and  this  solution  was 

added  dropwise  to  200  mL  of  vigorously  stirred  water.  The  mixture  was  heated 

to  60°C  and  the  THF  was  removed  in  a  stream  of  N2 .  The  aqueous  phase  was 

decanted  and  the  residue  rinsed  with  fresh  water.  THe  sulfolane-free  polymer 

was  dissolved  in  150  mL  of  CH2CI2  and  was  stirred  for  3  hrs  with  150  mL  of 

.01  M  H2SO4  and  7  mL  of  30%  H2O2 .  The  organic  phase  was  separated  and  stirred 

with  150  mL  of  1%  aqueous  KOH  and  4  mL  of  30%  H2O2  for  3  hrs,  separated  and 

washed  with  brine.  After  stirring  with  10  mL  of  silica  gel  overnight,  the 

solution  was  filtered  and  stripped  at  60°C/-0.5  Torr.  The  yield  of  polymer 

was  about  80%;  M  “  3350  (GPC) . 
n 

When  1.12g  of  trioxane,  2,12  mL  of  SnCl^  and  6  mL  of  CH2CI2  was  used, 

M  =»  5440  (GPC^  was  obtained.  With  1.12g  of  trioane,  2.12  mL  of  SnCl^,  and  2 
m£  of  CH2CI2,  was  approximately  6250  (GPC). 

Poly(4,4,10,10- tetranitro - 6 , 8 -dioxatridecane - 1 , 13 - diol  formal -co- 
2 , 2 , 3 , 3 , 4 , 4 , 5 , 5 - oc taf luorohexane - 1 , 6 -diol  formal),  Monomer  Ratio  4:1.-  A 
solution  of  5.76g  of  diol  (.0144  mol),  1.181g  of  octaf luorohexanediol  (5j 
(4.508  x  10'  mol)  and  .482g  of  trioxane  (.0161  mol)  in  6.0  mL  of  dry 
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sulfolane  (4A  sieves)  and  4.0  mL  of  dry  dichloroethane  (4A  sieves)  under  a  N2 

atmosphere  was  cooled  in  an  ice  bath  and  1.0  mL  of  SnCl^  was  added.  The 

cooling  bath  was  removed  and  the  mixture  was  stirred  at  room  temperature  for 

about  20  hrs.  The  reaction  was  quenched  with  60  mL  of  ice  water  and  was 

stirred  with  60  mL  of  CH2CI2  for  1  hr.  The  organic  phase  was  separated, 

washed  with  brine,  and  evaporated  at  60°C/20  Torr.  The  remaining  liquid  was 

triturated  with  3-4  60  mL  portions  of  water  at  55°C  (mechanical  stirrer)  over 

a  3  day  period  until  no  sulfolane  could  be  detected  in  the  ^H-NHR  spectrum. 

The  copolymer  was  redissolved  in  CH2CI2  and  stirred  with  silica  gel  (5  mL) 

overnight^  The  solution  was  filtered  and  stripped  at  60°C/20  Torr;  the  yield 

was  92%;  M  =*  2500  (exluding  monomer), 
n 

Poly(4,4,10,10- tetranitro- 6 , 8 -dioxat ride cane  - 1 , 13  - diol  formal -co- 
2, 4, 4, 5, 5, 6, 6 -heptaf luoro- 2 -  trif luoromethyl - 3 - oxaheptane - 1 , 7 - diol  formal ) , 
Monomer  Ratio  4:1,-  The  same_procedure  was  used  as  given  above  for  the  4/_5 
copolymer.  A  copolymer  with  M^  -  2630  was  obtained. 

Poly(3,5,5,ll,ll,13-Hexanitro-3,13-diaza-7,9- dioxapentadecane -1,15-diol 
formal -co- 2 ,2,3,3,4,4,5,5-octafluorohexane-l,6 - diol  formal) ,  Monomer  Ratio 
9:1.-  To  a  solution  of  2.738g  diol  L0  (5.265  x  10'  mol),  .154g  of  diol  5^ 
(5.88  x  10'  mol)  and  . 167g  of  trioxane  in  3  mL  of  dry  sulfolane  (4A  sieves) 
was  added  under  a  N2  atmosphere  .6  m.L  of  BF2  etherate.  The  solution  was 
stirred  at  room  temperature  for  20-24  hrs,  diluted  with  10  mL  of  CH2CI2,  and 
stirred  with  10  m.L  of  water  fo  1  hr.  Another  10  mL  of  water  was  added  and  the 
CH2CI2  was  evaporated  in  a  stream  of  N2  at  35-40°C.  The  aqueous  layer  was 
decanted  and  the  remaining  polymer  was  digested  with  20-30  mL  portions  of 
water,  adding  a  few  mL  of  CH2CI2  when  necessary  for  stirring.  When  sulfolane 
was  no  longer  detected  in  the  iH-NMR  spectrum,  the  copolymer  was  dried  at 
60°C/-0.5  Torr  for  5  hrs.  The  yield  was  >  85%;  M  -  3940. 

The  same  procedure  was  used  for  the  preparation  of  copolymers  with 
monomer  mol  ratios  of  4:1,  7:3,  and  1:1  except  that  0.8  mL  of  BF^  etherate  was 
used  in  the  latter  case. 

Poly (3, 5, 5, 11, 11, 13 -Hexanitro -3,13-diaza-7, 9 -dioxapentadecane- 1 , 15- diol 
formal -co- 2 ,4 , 4 , 5 , 5 , 6 , 6 -heptaf luoro- 2- trif luoromethyl -  3 -oxaheptane - 1 , 7 -diol 
formal ) . -  Diols  K)  and  6^  were  reacted  in  monomer  mol  ratios  of  4:1,  7:3,  and 
1:1  using  the  procedure  given  above  for  the  10/5  copolymers.  Again,  0.8  mL  of 
BF^  etherate  was  used  for  the  1:1  copolymer. 

Scale  Up  of  Poly(10  formal-co-5  formal),  Monomer  Ratio  7:3.-  A  solution 
of  34 . 25g  of  10  (6.586  x  10"2  mol),  7.41g  of  5  (2.828  x  10‘2  mol)  and  2.84g  of 
trioxane  in  48  mL  of  dry  sulfolane  (4A  sieves),  prepared  under  a  N2 
atmosphere,  was  cooled  in  an  ice  bath  and  9.6  mL  of  BF^  etherate  was  added 
dropwise .  The  solution  was  stirred  at  20°C  for  20-24  hrs,  then  quenched  in 

480  mL  of  water  and  stirred  with  400  mL  of  CH2CI2  for  1  hr.  The  organic  phase 

was  washed  with  400  mL  of  brine,  then  evaporated  at  50-60°C/20  Torr.  The 
copolyrcer/sulfolane  mixture  was  dissolved  in  300  mL  of  MeOAc  and  stirred  with 
300  mL  of  .1  M  HC1  in  brine  and  30  mL  of  30%  H2O2  overnight.  The  organic 

layer  was  then  stirred  with  300  mL  of  5%  of  NaHCO^  and  15  mL  of  30%  H2O2  for  8 

hrs.  The  MeOAc  was  removed  from  the  organic  phase  at  60°C/20  Torr  and  the 
copolymer  was  triturated  repeatedly  with  at  40°C  adding  CH2CI2  when 
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necessary  for  stirring.  When  sulfolane  was  no  longer  detected  in  the  ^H-NMR 
spectrum,  the  copolymer  was  redissolved  in  MeOAc  and  dried  by  stirring  with  8 
mL  of  silica  gel  overnight.  The  solution  was  filtered  and  stripped  at  60°C/20 
Torr,  then  0.5  Torr. 

Scale  Up  of  Poly(10  formal-co-6  formal),  Monomer  Ratio  1:3.-  42.56g  of 

10  (0.0815  mol),  11. 5g  of  6^  (0.03506  mol),  3.51g  of  trioxane,  60  mL  of 
sulfolane,  and  12.0  mL  of  BF^  etherate  were  reacted  as  above  ( 10/5 
copolymer) .  The  crude  polymer  was  dissolved  in  400  mL  of  MeOAc  and  treated  as 
above  with  400  mL  of  0.1  M  HC1  in  brine  and  40  mL  of  30%  H2O2 ,  then  with  400 
mL  of  5%  aqueous  NaHCO^  and  20  mL  of  30%  H2O2 .  The  solution  was  dried  by 
stirring  with  5  mL  of  silica  gel  and  the  polymer  was  isolated  as  above. 

Poly ( 3 , 6 - dinitro- 3 , 6 -diazaoctane - 1 , 8 - diol  formal -co- 2, 4, 4, 5, 5, 6, 6- 
heptaf luoro- 2 - tr if luoromethyl - 3 -oxaheptane - 1 , 7 -diol  formal),  Monomer  Ratio 
1:1.-  Under  a  N2  atmosphere,  1.25g  of  6_  (3.81  mmol)  and  .91g  of  ]_  (3.82  mmol) 
was  dissolved  in  2  mL  of  dry  sulfolane  (4A  sieves)  by  warming  to  60°C.  After 
cooling  to  room  temperature,  .23g  of  tr.oxane  (7.67  mmol)  was  added.  The 
solution  was  cooled  further  with  a  cold  water  bath  and  1.05  mL  of  BF^  etherate 
was  added.  After  stirring  overnight  at  room  temperature,  the  reaction  mixture 
was  diluted  with  15  mL  of  CH2CI2  and  stirred  with  20  mL  of  water  for  1/2  hr. 
The  organic  layer  was  washed  with  15  mL  of  brine  and  evaporated  (60°C/20 
Torr) .  The  remaining  liquid  was  triturated  with  four  30  mL  portions  of  water 
over  a  36  hr  period  until  no  sulfolane  could  be  detected  by  ^H-NMF.  The 
copolymer  was  redissolved  in  CH2CI2 ,  the  solution  was  stirred  overnight  with 
. 5g  of  silica  gel,  filtered  and  stripped  at  60°C/20  Torr  for  -3  hrs .  The 
polymer  had  =  1820. 

Poly[2,2,3,3,4,4,5, 5-octafluorohexane-l , 6 -diol  forma 1-co- bis (hydroxy - 
ethyl)o-carborane  formal],  Monomer  Ratio  9:1.-  To  a  solution  of  1 . 388g  of 
diol  (5.298  x  10"  mol)  and  . 140g  of  the  carboranediol  (6.03  x  10'  mol)  in 
1.5  mL  of  dry  sulfolane,  prepared  under  a  N2  atmosphere  with  some  warming  and 
then  cooled  to  room  temperature,  was  added  .201g  of  trioxane  (6.7  x  10" 
mol).  The  solution  was  further  cooled  in  an  ice  bath  and  .6  mL  of  BF-j 
etherate  was  added.  The  solution  was  stirred  at  room  temperature  for  20-24 

hrs,  diluted  with  10  mL  of  CH2CI2  and  mixed  with  20  mL  of  water.  The  mixture 

was  stirred  under  a  N2  stream  until  the  CH2CI2  had  evaporated.  The  water  was 
decanted  and  the  remaining  copolymer  was  triturated  with  water  at  40°C  until 
no  sulfolane  could  be  detected  in  the  XH-NMR  spectrum.  The  copolymer  was 

dissolved  in  CH2CI2,  the  solution  was  stirred  with  -.5g  of  silica  gel 

overnight,  filtered  and  stripped  at  60°C/20  Torr. 

Additional  carboranediol  copolymers  with  5^  listed  in  Table  4  were 
prepared  by  the  same  procedure  except  that  0.158g  (5.27  mmol)  of  trioxane  was 
used.  The  same  procedure  was  also  used  for  the  preparation  of  the 
carboranediol  copolymers  with  diol  _10  listed  in  Table  4;  0.158g  (5.27  mmol)  of 
trioxane  and  3  mL  of  sulfolane  was  used  for  these  reactions. 

Scale  Up  of  Poly (2 , 2 , 3 , 3 , 4 , 4 , 5 , 5 - octaf luorohexane - 1 , 6 - diol  formal-co-3- 
nitro-3-azapentane-l , 5-diol  formal),  Monomer  Ratio  97.5:2.5.-  A  solution  of 
58.500g  of  diol  _5  (.2233  mol),  -858g  of  nitrazapentanediol  (5.27  x  10"  mol) 
and  6.870g  of  trioxane  (.229  mol)  in  60.0  mL  of  dry  sulfolane  (4A  sieves) 
under  a  N2  atmosphere  was  cooled  in  an  ice  bath  and  54.0  mL  of  BF^  etherate 
was- added.  The  mixture  was  stirred  overnight  at  room  temperature,  diluted 
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with  300  mL  of  Ct^C]^,  and  stirred  with  400  mL  of  water  for  1  hr.  The  organic 
layer  was  separated  and  washed  with  350  mL  of  brine,  the  solvent  was 
evaporated  at  60°C/20  Torr,  and  the  remaining  polymer  was  triturated  with 
150  mL  portions  of  water  at  55°C  until  no  sulfolane  could  be  detected  in  the 
^H-NMR  spectrum.  The  copolymer  was  dissolved  in  300  mL  of  Ci^C^,  stirred 
with  300  mL  of  .07  N  H2SO4  and  60  mL  30%  H2O2  for  3  hrs ,  and  then  stirred  with 
300  mL  of  1%  aqueous  KOH  and  30  mL  of  30%  H2O2  for  3  hrs.  The  polymer 
solution  was  stirred  with  15  mL  of  silica  gel  overnight,  filtered  and  stripped 
at  60°C/20  Torr.  The  yield  was  >  90%;  =  2000. 

Poly (2, 4, 4, 5, 5, 6, 6 -heptaf luoro- 2  - trif luoromethyl -  3 -oxaheptane -1,7 -diol  formal - 
co-3-nitro-3-azapentane-l , 5-diol  formal),  Monomer  Ratio  97.5:2.5.-  To  a 
solution  of  2.445g  of  diol  6_  (7.454  x  10'"5  mol),  0.31g  of  nitrazapentane - diol 
(2.07  x  10'^*  mol)  and  .231g  of  trioxane  (7.70  x  10"  mol)  in  2.0  mL  of  dry 
sulfolane  (4A  sieves)  under  a  N2  atmosphere  was  added  1.8  mL  of  BF2  etherate, 
and  the  mixture  was  stirred  overnight  at  room  temperature.  The  reaction 
mixture  was  diluted  with  15  mL  of  CH2Cl2  and  stirred  1  hr  with  20  mL  of  H20. 
After  separation  and  washing  with  15  mL  of  brine,  the  CH2CI2  was  evaporated  at 
60°C/20  Torr  and  the  remaining  liquid  was  triturated  with  H20  until  no 
sulfolane  could  be  detected  by  iH-NMR.  The  copolymer  was  dissolved  in  CH2CI2 
and  stirred  with  -6  mL  of  silica  gel  overnight.  The  solution  was  filtered  and 
stripped  at  60°C/20  Torr.  The  yield  of  copolymer  was  -91%;  =  1980. 

The  same  procedure  was  used  to  prepare  copolymers  of  6^  with 
nitrazapentanediol  in  monomer  ratios  of  95:5  and  90:10,  respectively. 

Nitrimino-bis(acetyl  azide).-  A  mixture  of  5.34g  of  nitrimino-bis (acetic 
acid)  (30  mol),  8.75  mL  (-120  mol)  of  S0C12,  .46  mL  of  DMF ,  and  60  mL  of 
dichloroethane  was  heated  to  60°C  and  stirred  for  2  hr.  The  mixture  was 
cooled  in  an  ice  bath  and  washed  twice  with  20  mL  of  ice  cold  water,  then  with 
20  mL  of  ice  cold  brine.  The  solution  was  dried  (MgSO^)  and  evaporated 
(40°C/20  Torr)  to  a  yellow  oil  which  crystallized  when  scratched.  The  solid 
was  triturated  with  15  mL  of  CCl^  and  filtered  to  give  3. 6g  v,  56% )  of  a  pale 
yellow  solid.  1 . 5g  of  the  crude  acid  chloride  was  recrystallized  from  150  mL 
of  CCl^  under  exclusion  of  moisture.  After  drying  under  vacuum,  the  acid 
chloride  was  dissolved  in  11  mL  of  MeCN.  Trimethylsilyl  azide,  2.2  mL,  was 
added  to  the  cooled  solution  and  the  mixture  was  stirred  at  room  temperature 
for  2  hrs.  The  solvent  was  removed  at  room  temperature/20  Torr,  the  yellow 
oil  was  dissolved  in  4  mL  of  CCl^ ,  diluted  with  4  mL  of  isopropyl  ether,  and 
held  at  -15°C  overnight.  The  solid  was  filtered  off,  recrystallized  from 
ether/isopropyl  ether,  and  dried  in  vacuo  over  ?2®5’  mP  69°C;  yield  0.84g 
(53%,  from  acid  chloride). 

End-capping  of  3 , 6 -dini tro - 3 , 6 -diazaoc tane - 1 , 8 -diol  (7)  with  Toluene-2, 4- 
diisocyanate .-  To  a  solution  of  2.00g  of  anhydrous  diol  1_  (8.40  x  lO’"5  mol) 
in  15  mL  of  dry  acetone  (4A  sieves)  under  a  dry  N2  atmosphere  was  added  7 . 2  mL 
of  toluene-2 ,4-diisocyanate  and  -1  pL  of  dibutyltin  dilaurate.  The  mixture 
was  stirred  at  30°C  for  65  hrs,  cooled  to  room  temperature,  and  diluted  with 
10-15  mL  of  dry  hexanes  (4A  sieves).  The  white  solid  was  filtered  off  under 
N2  and  washed  several  times  with  dry  hexanes.  It  was  dried  under  vacuum  and 
stored  over  f>2®5;  mP  159-161°C. 
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End-capping  of  DINOL  (13)  with  Toluene-? ,4-diisocyanate . -  To  a  solution 
of  2.0g  of  anhydrous  DINOL  in  10  mL  of  dry  acetone  was  added  5.0  mL  of 
toluene-2 ,4-diisocyanate  and  1  pL  of  dibutyltin  dilaurate  and  the  mixture  was 
stirred  at  30°C  for  65  hrs .  After  cooling  to  room  temperature,  30  mL  of  dry 
hexanes  (4A  sieves)  was  added  with  vigorous  stirring.  The  yellow  oil  was 
allowed  to  settle  and  the  solvents  were  decanted.  The  resin  was  washed  with 
5-6  15  mL  portions  of  dry  hexanes  under  a  N2  atmosphere.  Residual  solvent  was 
removed  under  vacuum  to  leave  a  viscous  resin  which  was  stored  under  N2 . 

In  Situ  Preparation  (and  Reactions)  of  a  Diisocyanate  from  4,4- 
Dinitropimeloyl  Chloride/DINOL  (13)  2:1  Diester.-  Under  a  N2  atmosphere  5.74g 
(0.02  mol)  of  4 , 4- dinitropimeloyl  dichloride  in  15  mL  of  dry  dichloroethane 
was  heated  at  55°C,  and  3.44g  (0.01  mol)  of  DINOL  (_13)  was  added.  Heating  was 
continued  at  55-60°C  for  4  days,  then  at  70°C  overnight.  The  solvent  was 
removed  in  vacuo  (<0.5  Torr)  at  50°C. 

A  1.253g  aliquot  of  the  above  material  was  redissolved  in  5  mL  of  dry 
dichloroethane  with  heating.  The  solution  was  cooled  in  an  ice  bath  and  0.44 
mL  (0.38g)  of  trimethylsilyl  azide  was  added.  The  mixture  was  stirred  at  room 
temperature  for  24  hrs  when  the  solvent  was  blown  off  with  a  stream  of 
nitrogen.  The  residue  was  triturated  with  10  mL  of  hexane  which  was 
decanted.  5  mL  of  dichloroethane,  0.35g  of  ]_  and  1  ^iL  of  dibutyltin  dilaurate 
was  added  to  the  residue  and  the  mixture  was  heated  to  60°C  for  3  days. 

In  a  similar  experiment,  1.15g  of  dinitropimeloyl  dichloride  was  reacted 
with  0.69g  of  _13  by  heating  in  5  mL  of  dichloroethane  at  55-60°  for  13  days. 
The  crude  diester  was  then  reacted  with  0.40  mL  of  trimethylsilyl  azide  at 
room  temperature  overnight.  After  removal  of  solvent  and  rinsing  as  above,  a 
solution  of  7.71g  of  hexaf luoropentanediol  polyformal  (M  =  5450)  in  10  mL  of 
warm  dichloroethane  and  1  pL  of  dibutyltin  dilaurate  was  added  and  the  mixture 
was  heated  at  60°C  for  5  days. 

Chain  Extension  of  Difunctional  Hydroxy  Terminated  Polyformals  with  3,3- 
Dinitropentane - 1 , 5 -diisocyanate  (DNPDI);  General  Procedure.-  In  a  15  mL  3- 
neck  flask  under  a  N2  atmosphere  was  placed  2 , 108g  (6.023  x  10"^  mol)  of  a 
polyformal  of  9  (H  =*  3500),  3.7  mL  of  dry  dichloroethane,  0.181g  (6.03  x 
10'  mol)  of  4 ,4-dinitroheptanedioic  azide,  and  0.5  nL  of  dibutyltin 
dilaurate.  The  mixture  was  stirred  to  dissolution,  then  heated  and  stirred  at 
68°C  for  4  days.  The  temperature  was  decreased  to  -40°C,  1  mL  of  MeOH  was 
added,  and  stirring  was  continued  overnight.  The  solvents  were  removed  in 
vacuo  (0.5  Torr)  at  60°C. 

The  following  polymers  listed  in  Table  6  were  prepared  by  the  same 
procedure : 

9  polyformal  (M  -  6250)/DNPDI 
£  polyformal  (M11  =  3330)/DNPDI 
1  polyformal  (PT  =  2720)/DNPDI 

Poly(2-butoxydioxepane) (M  =  3000); 
solvent  was  toluene  (3  mL?,  1  pL  of 
the  reaction  temperature  was  90°C 


1.253g  of  polymer  was  used,  the 
dibutyltin  dilaurate  was  used,  and 
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For  the  following  polymers  of  Table  6,  the  procedure  was  the  same  but  the 
reaction  temperature  was  50°C: 

9  polyformal  (M  »  4460)/DNPDI 

Poly(^  formal-co-2  formal)  (Ratio  7:3,  M  “  2150)/DNPDI 

(Ratio  1:1,  hf*  «  2100)/DNPDI 
(Ratio  3:7,  Mn_=  2050)/DNPDI 
(Ratio  15:85,nM  -  2000)/DNPDI 

Chain  Extension  with  2 -Nitro-2 -azapropane-l , 3-diisocyanate  (NP-DI), 
General  Procedure.-  In  a  15  mL  3-neck  flask  under  a  N2  atmosphere  was  placed 
1 . 768g  (5.051  x  10"4  mol)  of  a  polyformal  of  9  (Mn  -  3500),  3.7  mL  of 
dichloroethane ,  0.115g  (5.04  x  10"  mol)  nitrimino-bis(acetyl  azide),  and 
0.4  p L  of  dibutyltin  dilaurate.  The  mixture  was  stirred  and  heated  to  58°C 
for  4  days.  The  temperature  was  decreased  to  45°C,  1  mL  of  MeOH  was  added, 
stirring  was  continued  overnight,  and  the  solvents  were  removed  in  vacuo  (0.5 
Torr)  at  60-65°C  for  several  hrs . 

Similarly  prepared  were  the  following  polymers  of  Table  6: 

9^  polyformal  (M  =  6250)/NPrDI 

6  polyformal  (M°  =  3330)/NPrDI 

Chain  Extension  with  Toluene  -  2 , 4 -Diisocyanate  (TDI),  General  Procedure.: 
In  a  15  mL  3-neck  flask  under  a  N2  atmosphere  was  placed  1.214g  (3.469  x  10" 
mol)  of  a  polyformal  of  9  (M  <*  3500),  3.5  mL  of  dry  dichloroethane,  0.049  mL 
of  TDI  (3.47  x  10'4  mol)  andn0.4  pL  of  dibutyltin  dilaurate.  The  mixture  was 
stirred  24  hrs  at  room  temperature,  1  mL  of  MeOH  was  added,  and  stirring  was 
continued  overnight.  The  solvents  were  removed  at  60°C/0.5  Torr. 

This  procedure  was  also  used  for  the  following  polymers  listed  in  Table 

6: 


_1  polyformal  (M  **  2720)/TDI 

6_  polyformal  (M™  -  3330)/TDI;  used  2.375g  polymer,  4  mL  of  dichloroethane 

and  2  mL  of  Freon  113  as  solvent,  and  heated  to  65°C  for  5-6  days 
polyformal  (M^  =  7600)/TDI;  reaction  temperature  was  30°C 

Chain  Extension  with  15.-  To  a  solution  of  2,322g  (5.21  x  10"4  mol)  of  a 
polyformal  of  9  (H  *  4460)  and  0.305g  (5.20  x  10"  mol)  of  15^  in  5  mL  of  dry 
sulfolane  (4A  sieves)  was  added  1  pL  of  dibutyltin  dilaurate  and  the  mixture 
was  stirred  48  hrs  at  30°C.  1  mL  of  MeOH  was  added,  stirring  was  continued 

overnight,  the  mixture  was  diluted  with  20  mL  of  THF  and  added  dropwise  to  175 
mL  of  vigorously  stirred  water.  The  THF  was  evaporated  in  an  air  stream  and 
the  water  was  decanted.  The  remaining  polymer  was  dissolved  in  CH2CI2, 
stirred  with  0.5g  silical  gel  overnight,  and  the  solution  filtered  and 
stripped  (60°C/20  Torr,  then  0.5  Torr). 

The  same  procedure  was  used  with  a  polyformal  of  9_  having  M^  «  7600. 

Chain  Extension  with  16,-  Under  a  N2  atmosphere  2.294g  (5.14  x  1 0"4  mol) 
of  a  polyformal  of  9  (M  =«  4460)  and  0.368g  (5.32  x  10"  mol)  of  was 
dissolved  in  7  mL  of  dry  dichloroethane,  1  pL  of  dibutyltin  dilaurate  was 
added,  and  the  solution  was  stirred  for  48  hrs  at  30°C.  One  mL  of  MeOH  was 
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added  and  stirring  was  continued  overnight.  The  solvents  were  removed  at 
60°C/20  Torr. 

The  same  procedure  was  used  with  a  polyformal  of  9_  with  M  “  7600. 
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Fig.  15.  GP  Chrcnatograin  of  a  Copolyformal  of  Octafluorohexanediol  5  and 
bis (hydroxyethyl) -o-carborane  (65: 35) 
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GP  Chromatogram  of  a  Polymer  Prepared  by  Chain-extension  of  a  Polyformal  of 
Octafluorotriethylene  Glycol  (M^  zi  2700)  with  Toluene-2, 4 -di isocyanate 


Chrcretogram  of  a  Polymer  Prepared  by  Cha in-extension  of  Poly (2-1 
b  3 , 3-Diriitrcpentar>e-l,  5-diisocysinate 
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Fig.  35.  DSC  Curve  of  FFF-1  (5400) /2 -Nitrazapropane  Diisocyanate  Block  Copolymer 


Distribution : 


Office  of  Naval  Research 
Code  1132P  (R.  S.  Miller)  (2  copies) 
Code  1113  (Chemistry  Division)  (1  copy) 
Arlington,  VA  22217 

Leonard  H.  Caveny 

SDIO/IST 

Pentagon 

Washington,  D.  C.  20301-7100 

Defense  Technical  Information  Center 
Bldg.  5,  Cameron  Station  (12  copies) 
Alexandria,  VA  22314 

Director 

Naval  Research  Laboratory 

Code  2627  (6  copies) 

Washington,  D.  C.  20375 

A.  L.  Slafkosky 
Scientific  Advisor 
Commandant  of  the  Marine  Corps 
Code  RD-1 

Washington,  D.  C.  20380 
Director 

U.  S.  Army  Ballistic  Research  Lab 
DRXBR-IBD 

Aberdeen  Proving  Ground,  MD  21005-5066 

U.  S.  Army  Research  Office 
Chemical  &  Biological  Sciences 
Division 
P.  0.  Box  12211 

Research  Triangle  Park,  N.  C.  27709-2211 

U.  S.  Army  Missile  Command 

DRSMI-RKL 

Walter  W.  Wharton 

Redstone  Arsenal,  AL  35898 

Johns  Hopkins  University 
Applied  Physics  Laboratory 
CPIA  (T.  W.  Christian) 

Johns  Hopkins  Road 
Laurel,  MD  20707 


R.  Anderson 
United  Technology 
Chemical  Systems  Division 
P.  0.  Box  50015 
San  Jose,  CA  94150-0015 

Thomas  Archibald 
Fluorochem 
680  S.  Ayon 
Azusa,  CA  91702 

M.  Armstrong 

Massachusetts  Institute  of  Technology 
Room  66-505 
Cambridge,  MA  01239 

M.  Barnes 

Atlantic  Research  Corp . 

7511  Wellington  Road 
Gainesville,  VA  22065 

K .  Baum 

Fluorochem,  Inc. 

480  South  Ayon  Avenue 
Azusa,  CA  91702 

Harry  Blemquist 
Olin  Ordnance 
Box  278 

Marion,  IL  62959 

Michael  A.  Bonanno 

U.  S.  Army  Ballistic  Research  Lab 

Attn:  SLCBR-IB-P 

Aberdeen  Proving  Ground,  MD  21005 
T.  Boggs 

Naval  Weapons  Center 
Code  389 

China  Lake,  CA  93555 

Jeff  Bottaro 

SRI  International 

Menlo  Park,  CA  94025 

Joseph  H.  Boyer 
Univ.  of  New  Orleans 
Chemistry  Dept. 

Lake front 

New  Orleans,  LA  70148 


Robert  Brown 
Mass.  Inst,  of  Tech. 

66-352 

Cambridge,  MA  02139 

Gary  Campbell 
Welding  Engr .  Inc. 

5  Sentry  Parkway  E. 

Suite  101 

Blue  Bell,  PA  19422 
Lawrence  Carosino 
Hercules  Inc . 

Hercules  Research  Center 
Wilmington,  DE  19894 

Thomas  E.  Casti 
Hercules  Inc. 

Hercules  Research  Center 
Wilmington,  DF  19894 

James  C.  W.  Chien 
Dept,  of  Polymer  Sci.  &  Engr. 
University  of  Massachusetts 
Amherst,  MA  01003 

C.  Coon 

Lawrence  Livermore  National  Lab 
P.  0.  Box  808 
Livermore,  CA  94550 

Richard  Costin 

Sartomer  Company 

3801  West  Chester  Pike 

New  Towne  Square,  PA  19073 

John  Crissman 
A209  Polymer  Bldg. 

National  Institute  of  Standards  and 
Technology 

Gaithersburg,  MD  20899 

Joseph  C.  Crowley 
Lockheed  Palo  Alto 
Research  Laboratory 
3251  Hanover  Street 
B204/D9350 

Palo  Alto,  CA  94304 

Glen  Cunkle 
Morton  Thiokol,  Inc. 

Elkton  Division 
P.  0.  Box  241 
Elkton,  MD  21921 


T.  F.  Davidson 

Vice  President  Technical 

Morton  Thiokol,  Inc. 

Aerospace  Group 
3340  Airport  Road 
Ogden,  UT  84405 

Roger  W.  Day 
Olin  Research  Center 
350  Knotter  Drive 
Cheshire,  CT  06410 

E.  H.  deButts 
Hercules  Aerospace  Co. 

P.  0.  Box  27408 

Salt  Lake  City,  UT  84127 

D.  Dillehay 
Morton  Thiokol,  Inc. 

Longhorn  Division 
Marshall,  TX  75670 

Philip  Eaton 
University  of  Chicago 
5735  S.  Ellis  Avenue 
Chicago,  IL  60637 

R.  A.  Earl 
Hercules,  Inc. 

Magna,  UT  84109 

L.  Erwin 

Massachusetts  Institute  of  Tech. 
Room  35-008 
Cambridge,  MA  02139 

L.  C.  Estabrook,  P.  E. 

Morton  Thiokol,  Inc. 

P.  0.  Box  30058 
Shreveport,  LA  71130 

John  Fisher 

Naval  Weapons  Center,  Code  3853 
China  Lake,  CA  93555 

D.  A.  Flanigan 

Director,  Advanced  Technology 
Morton  Thiokol,  Inc. 

Aerospace  Group 
3340  Airport  Road 
Ogden,  UT  84405 


Richard  Fletcher 
Aerojet 

P.  0.  Box  15699C ,  Bldg.  05025 
Sacramento,  CA  95812 

Milt  Frankel 
Rockwell  International 
Rocketdyne  Division 
6633  Canoga  Avenue 
Canoga  Park,  CA  91303 

R.  Geisler 

AFAL 

DY/MS-24 

Edwards  AFB ,  CA  93523 

Richard  Gilardi 

Naval  Research  Laboratory 

Code  6030 

Washington,  D.  C.  20375 

W.  H.  Graham 
Morton  Thiokol ,  Inc  . 

Huntsville  Division 
Huntsville,  AL  35807-7501 

B.  David  Halpern 
Polysciences ,  Inc. 

Paul  Valley  Industrial  Park 
Warrington,  PA  18976 

C.  M.  Havlik 
0/83-10,  B/157-3W 

Lockheed  Missiles  &  Space  Co.,  Inc. 
P.  0.  Box  504 
Sunnyvale,  CA  94086 

Joseph  Heiraerl 

Ballistic  Research  Laboratory 
SLCBR-IB-P 

Aberdeen  Proving  Ground,  MD  21078 

Warren  Hillstrom 
Ballistic  Research  Lab. 

Aberdeen  Proving  Ground,  MD  21005 

J.  C.  Hinshaw 

Morton  Thioko 1/WASATCH 

P.  0.  Box  524 

Mail  Stop  244 

Brigham  City,  UT  84302 


R.  A.  Hollins 
Naval  Weapons  Center 
Code  3853 

China  Lake,  CA  93555 

Capt.  Mark  Husband 
AFAL/RKPA 

Edwards  AFB,  CA  93523 
P.  W.  Jin 

Dept,  of  Polymer  Science 
University  of  Massachusetts 
Amherst,  MA  01003 

Pamela  Kaste 
SLCBR-IB-P 
Ballistic  Res.  Lab. 

Aberdeen  Proving  Ground,  MD  21005-5066 

Freddy  A.  Khoury 
A209  Polymer  Bldg. 

National  Institute  of  Standards  and 
Technology 

Gaithersburg,  MD  20899 
C.  Sue  Kim 

Department  of  Chemistry 
California  State  Univ. ,  Sacramento 
Sacramento,  CA  95819 

M.  K.  King 

Atlantic  Research  Corp . 

5390  Cherokee  Avenue 
Alexandria,  VA  22312 

Peter  Kirschner 
Aerojet  Tactical  Systems 
Sacramento,  CA  95813 

Robert  G.  Leclerc 
Sartomer  Company 
3801  West  Chester  Pike 
New  Towne  Square,  PA  19073 

Geoffrey  A.  Lindsay 
Naval  Weapons  Center 
Code  3858 

China  Lake,  CA  93555 

George  A.  Lo 
Lockheed  Palo  ALto 
Research  Laboratory 
B204/093-50 
Palo  Alto,  CA  94304 


Eric  Lund 
P.  0.  Box  524 
Mail  Stop  244 
Brigham  City,  UT  84302 

Robert  D.  Lynch 
Atlantic  Research  Corporation 
7511  Wellington  Road 
Gainesville,  VA  22065 

Gerald  E.  Manser 

Aerojet  Solid  Propulsion  Co. 

Bldg.  05025 
P.  0.  Box  15699C 
Sacramento,  CA  95813 

.  P.  Marshall 

Department  93-50,  Bldg  204 
Lockheed  Missile  and  Space  Co. 

3251  Hanover  St. 

Palo  Alto,  CA  94304 

A.  J.  Matuszko 

Air  Force  Office  of  Scientific  Research 
Directorate  of  Chemical  &  Atmospheric 
Sciences 

Bolling  Air  Force  Base 
Washington,  D.  C.  20332 

Gregory  B.  McKenna 

National  Institute  of  Standards  &  Tech. 
Polymers  Division 
Gaithersburg,  MD  20899 

Dennis  G.  Murrell 
Hercules 

Hercules  Research  Center 
Wilmington,  DE  19894 

Melvin  P.  Nadler 
Naval  Weapons  Center 
Code  3851 

China  Lake,  CA  93555 

Boris  D.  Nahlovsky 
Aerojet  Tactical  Systems 
P.  0.  Box  13400 
Sacramento,  CA  95813 

Arnold  T.  Nielsen 
Naval  Weapons  Center 
Code  38503 

China  Lake,  CA  93555 


R.  Peters 

Aerojet  Strategic  Propulsion  Co. 
Bldg.  05025  -  Dept.  5400 
MS  167 

Sacramento,  CA  95813 

Susan  Peters 
Code  6120C 

Naval  Ordnance  Station 
Indian  Head,  MD  20640-5000 

Gene  Rothgery 
Olin  Corporation 
350  Knotter  Drive 
Cheshire,  CT  06410 

Joseph  J .  Rocchio 

U.  S.  Army  Ballistic  Research  Lab 

SLCBQ-IB-P 

Aberdeen  Proving  Ground,  MD  21013 

J ohn  J .  Rusek 
AFAL/RKPA 

Edwards  AFB ,  CA  93523 

David  C.  Sayles 
Ballistic  Missile  Defense 
Advanced  Technology  Center 
P.  0.  Box  1500 
Hunstville,  AL  35807 

Robert  Schmitt 
SRI  International 
333  Ravens wood  Avenue 
Menlo  Park,  CA  94025 

R.  B.  Steele 

Aerojet  Strategic  Propulsion  Co. 

P.  0.  Box  15699C 
Sacramento,  CA  95813 

Carlyle  B.  Storm 
M-l  MS  C920 

Los  Alamos  National  Laboratory 
Los  Alamos,  MN  87545 

E.  S.  Sutton 
Thiokol  Corporation 
Elkton  Division 
P.  0.  BOx  241 
Elkton,  MD  21921 


G .  Thompson 
Morton  Thiokol,  Inc. 

Wasatch  Division 
MS  240  P.  0.  Box  524 
Brigham  City,  UT  84302 

Lee  J .  Todd 
Dept,  of  Chemis  try 
Indiana  University 
Bloomington,  IN  47405 

R.  S.  Valentini 
United  Technologies 
Chemical  Systems  Division 
P.  0.  Box  50015 
San  Jose,  CA  94150-0015 

Francis  W.  Wang 

National  Institute  of  Standards  and 
Technology 
Bldg.  224,  Room  B320 
Gaithersburg,  MD  20899 

Robert  B.  Wardle 
Morton  Thiokol /WASATCH 
Box  5245  M/S  244 
Brigham  City,  UT  84302 

Henry  Webster,  II 

Manager,  Chemical  Sciences  Branch 

Code  5063 

Naval  Weapons  Support  Center 
Crane,  IN  47522 

J  R.  West 

Murcon  Thiokol,  Inc. 

P.  0.  Box  30058 
Shreveport,  LA  71130 

John  S.  Wilkes,  Jr. 

FJSRL/NC 

USAF  Academy,  CO  80840 

Rodney  L.  Wilier 
Morton  Thiokol,  Inc. 

Elkton  Division 
P.  0.  Box  241 
Elkton,  MD  21971 

G.  A.  Zimmerman 
Aerojet  Tactical  Systems 
P.  0.  Box  13400 
Sacramento,  CA  95813 


- -  ..  _ _ ,  _ 

SUPPLEMENTARY 


I- 

I 

r 

INFORMATION 


DEPARTMENT  OF  THE  NAVY 

NAVAL  SURFACE  WARP/, RE  CENTER 
DAHLORCN,  VIRaiNIA  ai44S-tOOO 


10*01  Mtw 
tV*»  KW.  MB. 

**  **  2477 

IMHJMH  V4 


i  i4i m  m  mm  avc. 


3900 

Rll-HGA 


<*, 

u  *• 


Fran:  Naval  Surface  Warfare  Center 
(Horst  Adolph,  Code  Bn) 
lt>:  Distribution 

I; 

Subj :  ANNUAL  PROGRESS  REPORT  FOR  OFFICE  OF  NAVAL  RESEARCH  CONTRACTS 

88-AF00001  and  N0001488WX24004,  "SYNIHESIS  OF  ENERGETIC  SINGLE  PHASE 
AND  MULTI-PHASE  POLYMERS" 


1.  Please  correct  the  following  error  in  your  copy  of  the  subject  report: 
on  p.  16,  Table  10,  the  first  entry  in  column  1  should  read  9_  instead  of  13. 

■ _  lip'll  t 

b5r§t1;7  ADOLPH 

..jp. .........  . .  . —  -  -Synthesis  and  Formulations  Branch  - 


